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At least one of associating the measured respiratory param 
eter and determining blood gas saturation is preferably pre 
formed implantably. 
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DETERMINING BLOOD GAS SATURATION 
BASED ON MEASURED PARAMETER OF 

RESPIRATION 

FIELD OF THE INVENTION 

The present invention relates generally to medical systems 
and methods, and more particularly, to medical systems and 
methods that determine blood gas saturation based on a mea 

sured parameter of respiration. 

BACKGROUND OF THE INVENTION 

Disordered breathing refers to a Wide spectrum of respira 
tory conditions that involve disruption of the normal respira 
tory cycle. Although disordered breathing typically occurs 
during sleep, the condition may also occur While the patient is 
aWake. Unfortunately, disordered breathing is often undiag 
nosed. If left untreated, the effects of disordered breathing 
may result in serious health consequences for the patient. 

Apnea is a fairly common breathing disorder characterized 
by periods of interrupted breathing. Apnea is typically clas 
si?ed based on its etiology. One type of apnea, denoted 
obstructive apnea, occurs When the patient’s airWay is 
obstructed by the collapse of soft tissue in the rear of the 
throat. Central apnea is caused by a derangement of the cen 
tral nervous system control of respiration. The patient ceases 
to breathe When control signals from the brain to the respira 
tory muscles are absent or interrupted. Mixed apnea is a 
combination of the central and obstructive apnea types. 
Regardless of the type of apnea, people experiencing an apnea 
event stop breathing for a period of time. The cessation of 
breathing may occur repeatedly during sleep, sometimes hun 
dreds of times a night and sometimes for a minute or longer. 

In addition to apnea, other types of disordered respiration 
have been identi?ed, including hypopnea (shalloW breath 
ing), tachypnea (rapid breathing), hyperpnea (heavy breath 
ing), and dyspnea (labored breathing). Combinations of the 
respiratory cycles described above may be observed, includ 
ing, for example, periodic breathing and Cheyne-Stokes res 
piration (CSR). Periodic breathing is characterized by cyclic 
respiratory patterns that may exhibit rhythmic rises and falls 
in tidal volume. Cheyne-Stokes respiration is a speci?c form 
of periodic breathing Wherein the tidal volume decreases to 
Zero resulting in apneic intervals. The breathing interruptions 
of periodic breathing and CSR may be associated With central 
apnea, or may be obstructive in nature. CSR is frequently 
observed in patients With congestive heart failure (CHF) and 
is associated With an increased risk of accelerated CHF pro 
gression. 

Disordered breathing episodes can contribute to changes in 
a patient’s blood gas saturation. Blood oxygen saturation 
decreases When the number of oxygen binding sites in a 
patient’s blood stream remaining un?lled increases. Simi 
larly, blood carbon dioxide saturation increases When carbon 
dioxide is no longer being exchanged When ventilation 
decreases or stops. Less oxygen is delivered to the blood 
stream and the rate of carbon dioxide exchange decreases 
during periods of disordered breathing resulting in a decrease 
of blood oxygen saturation and an increase in carbon dioxide 
saturation. As a result, disordered breathing can have cardio 
vascular implications such as the development of systemic 
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2 
hypertension and thus detection of respiration-related disor 
ders affecting patient blood gas saturation is of particular 
interest. 

SUMMARY OF THE INVENTION 

The present invention is directed to systems and methods 
for determining blood gas saturation based on one or more 
measured respiration parameters. Embodiments of the 
present invention involve implantably measuring a parameter 
of respiration over a duration of time, associating the mea 
sured respiratory parameter With a blood gas saturation level, 
and determining blood gas saturation based on the measured 
respiration parameter. At least one of associating the mea 
sured respiratory parameter and determining blood gas satu 
ration is preferably performed implantably. Blood gases of 
interest include blood oxygen and blood carbon dioxide. 
The parameter of respiration may include one or both of a 

magnitude and a frequency of change in transthoracic imped 
ance. Other parameters of respiration may include at least one 
of a respiration pattern, a respiration interval, tidal volume, 
and minute ventilation. Further parameters of respiration may 
include at least of a duration of an apnea episode, a duration 
of a hypopnea episode, and a duration of a Cheyne-Stokes 
respiration episode. The parameter of respiration may include 
a frequency of respiration during a disordered breathing event 
or a frequency of respiration before or after a disordered 
breathing event. 

Implantably measuring the parameter of respiration may 
involve implantably measuring a baseline parameter of res 
piration during patient wakefulness. Determining blood gas 
saturation may involve determining blood gas saturation dur 
ing sleep. Embodiments of the present invention may involve 
detecting sleep disordered breathing, and indicating a sever 
ity level of the sleep disordered breathing in response to 
detecting sleep disordered breathing With a presence or 
absence of a change in blood gas saturation. 
Embodiments of the present invention may involve mea 

suring one or more of a cardiac parameter, blood pressure 
parameter and blood ?oW parameter. Determining blood gas 
saturation may be based at least in part on one or more of the 
cardiac parameter, blood pressure parameter and blood ?oW 
parameter. Determining blood oxygen saturation, for 
example, may involve indicating a decrease in blood oxygen 
saturation in response to measuring a decrease in at least one 
of a respiratory tidal volume, a minute ventilation, and a 
respiration rate. Determining blood oxygen saturation may 
also involve indicating a decrease in blood oxygen saturation 
in response to measuring an increase in sleep disordered 
breathing episodes. 

Determining blood carbon dioxide saturation, for example, 
may involve indicating an increase in blood carbon dioxide 
saturation in response to measuring a decrease in at least one 
of a respiratory tidal volume, a minute ventilation, and a 
respiration rate. Determining blood carbon dioxide saturation 
may also involve indicating an increase in blood carbon diox 
ide saturation in response to measuring an increase in sleep 
disordered breathing episodes. 

According to other embodiments of the present invention, 
systems for measuring parameters indicative of blood gas 
saturation include an implantable device con?gured to mea 
sure a parameter of respiration over a duration of time. A 
processor is con?gured to associate the measured respiratory 
parameter With a blood gas saturation level, and to determine 
blood gas saturation based on the measured respiration 
parameter. The processor may be disposed in an implantable 
housing. 
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The processor may be con?gured to detect one or both of a 
magnitude and frequency of change in transthoracic imped 
ance. The system may include a sensor con?gured to measure 
a cardiac parameter, and the processor may be con?gured to 
associate the cardiac parameter With a blood gas saturation 
level and to determine blood gas saturation based at least in 
part on the measured cardiac parameter. 

The system may include a sensor con?gured to measure a 
blood pressure or blood ?oW parameter, and the processor 
may be con?gured to associate the blood pressure or blood 
?oW parameter With a blood gas saturation level and to deter 
mine blood gas saturation based at least in part on the mea 
sured blood pressure or blood ?oW parameter. The system 
may include a sensor con?gured to measure one or both of 

patient activity and patient posture, and the processor may be 
con?gured to determine or con?rm blood gas saturation 
based at least in part on the measured one or both of patient 
activity and patient posture. The system may include a com 
munication link con?gured to communicate the determined 
blood gas saturation values to a patient-external location. 

While the invention is amenable to various modi?cations 
and alternative forms, speci?cs thereof have been shoWn by 
Way of example in the draWings and Will be described in detail 
beloW. It is to be understood, hoWever, that the intention is not 
to limit the invention to the particular embodiments 
described. On the contrary, the invention is intended to cover 
all modi?cations, equivalents, and alternatives falling Within 
the scope of the invention as de?ned by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart illustrating a method for measuring 
blood gas saturation in accordance With embodiments of the 
present invention; 

FIG. 2 is a more detailed ?oW chart illustrating a method 
for measuring blood gas saturation in accordance With 
embodiments of the present invention; 

FIG. 3 is a graph of a normal respiration signal measured by 
a transthoracic impedance sensor that may be utiliZed for 
measuring blood gas saturation in accordance With embodi 
ments of the present invention; 

FIG. 4 is a respiration signal graph illustrating respiration 
intervals used for disordered breathing detection and/ or pre 
diction according to embodiments of the invention; 

FIG. 5 is a graph of a respiration signal illustrating various 
intervals that may be used for detection of apnea in accor 
dance With embodiments of the invention; 

FIG. 6 is a respiration graph illustrating abnormally shal 
loW respiration utiliZed in detection of disordered breathing in 
accordance With embodiments of the invention; 

FIG. 7 is a block diagram of a medical system that may 
incorporate blood gas prediction devices used in accordance 
With embodiments of the invention; 

FIG. 8 is a partial vieW of an implantable device that may 
include circuitry for implementing a detector for measuring 
blood gas saturation in accordance With embodiments of the 
invention; and 

FIG. 9 is a diagram illustrating an implantable transtho 
racic cardiac device that may be used in connection With 
acquiring and organizing data for a blood gas saturation 
detector for measuring levels of oxygen and carbon dioxide in 
blood in accordance With embodiments of the invention. 

While the invention is amenable to various modi?cations 
and alternative forms, speci?cs thereof have been shoWn by 
Way of example in the draWings and Will be described in detail 
beloW. It is to be understood, hoWever, that the intention is not 
to limit the invention to the particular embodiments 
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4 
described. On the contrary, the invention is intended to cover 
all modi?cations, equivalents, and alternatives falling Within 
the scope of the invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

In the folloWing description of the illustrated embodi 
ments, references are made to the accompanying draWings, 
Which form a part hereof, and in Which are shoWn by Way of 
illustration, various embodiments by Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed, and structural and functional changes 
may be made Without departing from the scope of the present 
invention. 

In the past, a patient’s blood oxygen or carbon dioxide 
saturation has been determined using photoplethysmography, 
Which is a non-invasive method of measuring blood oxygen 
or carbon dioxide saturation. Conventional photoplethys 
mography usually requires a sensor to be placed on an 
extremity such as a ?nger, toe or earlobe. These sensors can 
produce unreliable results When blood How to the extremities 
is reduced due to shock, cold temperature, vascular disease or 
patient movement, for example. 

Patient-internal sensors that measure blood oxygen or car 

bon dioxide saturation can also be problematic and unreli 
able. In an implanted system, multiple sensors can sense 
different levels of blood gas saturation resulting in uncertain 
measurements. Furthermore, With an increased number of 
implanted sensors, the stability and reliability of an implanted 
device typically decreases and poWer consumption increases. 

Blood gas saturation measurements can be used to adjust 
cardiac rhythm management (CRM) and/ or positive airWay 
pressure therapies to provide more effective treatment of 
disordered breathing, a pulmonary condition, and/ or a cardiac 
condition. Positive airWay pressure therapies include con 
tinuous positive airWay pressure (CPAP) therapy, bi-level 
positive airWay pressure (bi-PAP) therapy, proportional posi 
tive airWay pressure (PPAP) therapy, and/ or autotitration 
positive airWay pressure therapy, for example. Various dis 
eases and disorders, e.g., sleep apnea, are associated With 
various blood gas concentration levels. The detection of 
changes in blood gas saturation may be used in connection 
With diagnosis of a variety of diseases. Further, blood gas 
concentrations may be used to detect and/or predict episodes 
of disordered breathing, a pulmonary condition, and/or a 
cardiac condition. Further, blood gas concentrations may be 
used to initiate, terminate, or modify respiratory and cardiac 
therapy. 

Embodiments of the present invention determine or predict 
the depth of oxygen and/ or carbon dioxide saturation Without 
requirement of unreliable and expensive external or internal 
blood oxygen/carbon dioxide sensors. In various embodi 
ments of the invention, changes in blood oxygen and/or car 
bon dioxide saturation can be detected during periods of sleep 
disordered breathing, such as during apnea and hypopnea 
episodes. Blood oxygen and/or carbon dioxide saturation 
may be determined by processing respiratory signals 
acquired from an implantable transthoracic impedance sensor 
or other medical device capable of sensing patient respiratory 
characteristics. By determining the extent of loW blood oxy 
gen saturation and/or high carbon dioxide saturation during 
apnea/hypopnea episodes, for example, the potential effects 
of decreased blood oxygen saturation and/or increased car 
bon dioxide saturation on a patient may be better determined. 

Referring to FIG. 1, a method for measuring one or more 
parameters indicative of blood gas saturation in accordance 
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With embodiments of the invention is illustrated. The method 
includes implantably measuring 110 a parameter of respira 
tion over a duration of time. The measured respiratory param 
eter is associated 120 With a blood oxygen and/or carbon 
dioxide saturation level. The blood oxygen and/or carbon 
dioxide saturation is determined 130 based on a change in the 
measured 110 respiratory parameter. 

FIG. 2 is a more detailed illustration of a method for mea 
suring parameters indicative of blood gas saturation in accor 
dance With embodiments of the present invention. A param 
eter of respiration, such as transthoracic impedance, is 
implantably measured 210 over a period of time. Upon res 
piratory inspiration, transthoracic impedance increases, and 
upon respiratory expiration, transthoracic impedance 
decreases, thus alloWing a frequency and/ or magnitude of 
change in transthoracic impedance to be measured over time. 

In further embodiments of the invention, parameters of 
respiration can be measured 210 by measuring a baseline 
parameter of respiration. For example, historical data of a 
patient’s respiratory parameter can be used to generate a 
baseline parameter by graphing the historical data over a 
period of time. A baseline respiratory parameter can be estab 
lished during certain periods of the day, such as during patient 
wakefulness. 
A variety of respiratory characteristics can be implantably 

measured. For example, tidal volume can be measured as a 
magnitude of change in transthoracic impedance. A fre 
quency of respiration before and during a disordered breath 
ing event, and a duration of apnea, hypopnea, and/or Cheyne 
Stokes respiration (CSR), can be measured by determining a 
frequency of change in a patient’s transthoracic impedance. 
Minute ventilation (MV) can be determined from measuring 
a magnitude and frequency of change in transthoracic imped 
ance. In accordance With embodiments of the invention, other 
respiratory parameters, such as respiration patterns and inter 
vals can be detected. In addition, types of disordered breath 
ing, such as apneas, including obstructive sleep apnea, central 
sleep apnea and hypopneas can also be detected as a respira 
tory parameter in accordance With embodiments of the inven 
tion. 

Respiratory parameters are measured 210 over a period of 
time Which may include one or more days, Weeks or months. 
The information collected over the period of time can be used 
to trend respiratory parameter data, for example. 

It should be understood that devices other than transtho 
racic impedance sensors can be used in connection With mea 
suring respiratory parameters in accordance With embodi 
ments of the present invention. For example, an 
accelerometer can be incorporated into an implantable device 
to measure chest Wall movement and respiratory characteris 
tics connected With chest Wall movement. An accelerometer 
may also be used to detect changes in patient posture or 
patient activity. 

Measured parameters of respiration are associated 220 
With blood gas saturation levels, such as blood oxygen and/or 
carbon dioxide saturation levels. Respiratory parameters such 
as resting tidal volume, minute ventilation and/or respiratory 
rate during patient Wakefulness are measured and/ or trended, 
and can be associated 220 With times of changing blood gas 
saturation. 
By Way of example, periods of normal or high respiration 

may be associated over a long period of time With normal 
levels of oxygen saturation, at least in patients Without 
severely compromised lung disease. By trending respiratory 
parameters, such as tidal volume or respiratory frequency, the 
periods Where the tidal volume and respiratory rate are high 
can be associated With periods of normal oxygen saturation. 
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6 
Once a reference oxygen saturation is determined or inferred, 
changes in oxygen saturation relative to the reference can be 
tracked. 
By Way of further example, the length of an apnea episode 

may be used to predict the degree of oxygen desaturation or 
carbon dioxide saturation. The duration and depth of hyper 
ventilation (time, amplitude, and minute ventilation) may be 
used to determine the degree of oxygen re-saturation or car 
bon dioxide desaturation. 

Blood oxygen and/ or carbon dioxide saturation is then 
determined 23 0 based on the measured respiration parameter. 
For example, determining blood oxygen and/or carbon diox 
ide saturation can be a result of measuring tidal volume, 
minute ventilation, respiratory rate and/ or apnea/hypopnea. 
LoW measurements of tidal volume, minute ventilation and 
respiratory rate are indicative of a decrease in blood oxygen 
saturation and an increase of carbon dioxide saturation. As the 
measurements of occurrences of sleep disordered breathing 
such as apneas and hypopneas increases, blood oxygen satu 
ration decreases and carbon dioxide increases. Similarly, the 
hyperventilation that folloWs an apnea or hypopnea episode 
Will decrease blood carbon dioxide saturation and increase 
blood oxygen saturation. In embodiments of the invention, 
blood oxygen and/ or carbon dioxide saturation can be deter 
mined 230 by trending the measurements of the above-men 
tioned characteristics over time. 

Determination 230 of blood oxygen and/or carbon dioxide 
saturation can take place during certain times, such as during 
patient sleep. Sleep disordered breathing and blood oxygen 
and/or carbon dioxide saturation during sleep can be deter 
mined 250 once patient sleep is detected 240. A severity level 
of sleep disordered breathing can be determined 260 based on 
the measured characteristic indicative of blood oxygen and/ or 
carbon dioxide saturation during sleep. The degree of severity 
of sleep disordered breathing can be dependent on Whether 
the degree of change in the parameter of respiration increases 
or decreases over time. Techniques involving detecting sleep 
are described in commonly oWned US. patent application 
having application Ser. No. 10/643,006 ?led on Aug. 18, 
2003, and entitled “Sleep State Classi?cation,” Which is 
incorporated by reference herein in its entirety. 

In alternative embodiments of the present invention, a 
severity of sleep disordered breathing can be indicated based 
on the detection 250 of sleep disordered breathing and the 
measured parameter of respiration associated With blood oxy 
gen and/ or carbon dioxide saturation. For example, sleep 
disordered breathing With a normal respiration parameter 
measurement that is indicative of a normal blood oxygen 
and/or carbon dioxide saturation may be indicative 270 of a 
less serious type of sleep disordered breathing and therefore 
is not as signi?cant to a patient’s prognosis. On the other 
hand, sleep disordered breathing With an abnormal respira 
tion parameter measurement indicating loW blood oxygen 
saturation and/or high carbon dioxide saturation may be 
indicative 280 of a more serious form of sleep disordered 
breathing that is medically signi?cant. For example, blood 
oxygen saturation levels are clinically signi?cant because 
hypoxia over time can be related to in?ammatory processes 
that lead to hypertension. 

In other embodiments of the present invention, additional 
parameters such as cardiac or blood pressure parameters can 
be measured. The measured cardiac or blood pressure param 
eters can be associated With a blood oxygen and/or carbon 
dioxide saturation level and may be used in addition to the 
measured parameter of respiration to determine blood oxygen 
and/or carbon dioxide saturation. For example, a measured 
increase in blood pressure can be indicative of a decrease in 
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blood oxygen saturation When occurring With decreases in 
other respiratory parameters. Also, loW oxygen saturation or 
hypoxia is associated With oxidative stress, Which then 
releases hypertensive factors Which cause vasoconstriction. 
These acute changes in blood pressure may be associated 
With intermittent drops in blood oxygen saturation. 

In generally, hypoxia or a decrease in blood oxygen satu 
ration are associated With an increase in blood pressure, both 
acute and chronic. An implantable blood pressure sensor, 
such as a sensor located in the right ventricle, can be used to 
measure an acute increase in blood pressure, Which can 
improve the con?dence that a decrease in respiratory param 
eters is indicative of a decrease in blood oxygen saturation, 
rather than a change in posture for example. 

Posture is another useful parameter that can be measured. 
Determining patient posture may improve blood oxygen satu 
ration determinations, such as by verifying that detected 
changes in respiratory parameters are indicative of changes in 
blood oxygen saturation, rather than changes in posture. Pos 
ture sensors such as those incorporating an accelerometer or 

other rate or tilt sensing devices, may be used. 
Blood How is also a useful parameter that can be measured, 

such as by use of a Doppler or other ultrasonic sensor. An 
increase in blood How can be used in a manner similar to that 
associated With blood pres sure, With an increase in blood ?oW 
indicating a decrease in blood oxygen saturation When occur 
ring With decreases in other respiratory parameters. 
Examples of useful blood ?oW sensing techniques are dis 
closed in commonly oWned U.S. Pat. Nos. 6,704,590 and 
6,892,095, and in commonly oWned U.S. application Ser. No. 
10/930,088 ?led Aug. 31, 2004 , and further in Us. Pat. Nos. 
5,188,106 and 5,156,157, all of Which are hereby incorpo 
rated herein by reference. 
Any or all of the information collected and generated using 

methods for measuring respiratory parameters indicative of 
blood oxygen saturation can be recorded and stored for future 
use, such as for trending and predicting blood oxygen and/or 
carbon dioxide saturation. 

Referring noW to FIG. 3, a non-?ltered transthoracic 
impedance signal 300 is illustrated. The impedance signal 
300 may be developed, for example, from an impedance 
sense electrode in combination With a patient internal medical 
device used in accordance With embodiments of the present 
invention. The impedance signal 300 is proportional to the 
transthoracic impedance, illustrated as impedance 330 on the 
abscissa of the left side of the graph in FIG. 3. The impedance 
330 increases during any respiratory inspiration 320 and 
decreases during any respiratory expiration 310. The imped 
ance signal 300 is also proportional to the amount of air 
inhaled, denoted a tidal volume 340, illustrated on the 
abscissa of the right side of the graph in FIG. 3. 

The variations in impedance during respiration, identi? 
able as the peak-to-peak variation of the impedance signal 
300, may be used to determine the respiration tidal volume 
340, corresponding to the volume of air moved in a breath, 
one cycle of expiration 310 and inspiration 320. A minute 
ventilation may also be determined, corresponding to the 
amount of air moved per a minute of time 350 illustrated on 
the ordinate of the graph in FIG. 3. The impedance signal 300 
Would also shoW transient events, such as rales and/ or coughs, 
to provide useful patient condition and prediction informa 
tion. Any or all of the tidal volume 340 measurement, minute 
ventilation 350 and other events may be used for determining 
blood oxygen and/ or carbon dioxide saturation in accordance 
With embodiments of the present invention. 

Sleep disordered breathing disorders may be determined 
using the impedance signal 330. During non-REM sleep, a 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
normal respiration pattern includes regular, rhythmic inspi 
ration-expiration cycles Without substantial interruptions. 
When the tidal volume (TV) of the patient’s respiration, as 
indicated by the transthoracic impedance signal, falls beloW a 
hypopnea threshold, then a hypopnea event is declared. For 
example, a hypopnea event may be declared if the patient’s 
tidal volume falls beloW about 50% of a recent average tidal 
volume or other baseline tidal volume value. If the patient’s 
tidal volume falls further to an apnea threshold, e.g., about 
10% of the recent average tidal volume or other baseline 
value, an apnea event is declared. Apnea and hypopnea events 
can also contribute to a decrease in a patient’s blood oxygen 
saturation and an increase in blood carbon dioxide saturation, 
and thus can be used to determine a patient’s blood oxygen/ 
carbon dioxide saturation in accordance With embodiments of 
the present invention. 

FIGS. 4-6 are graphs of transthoracic impedance and tidal 
volume, similar to FIG. 3 previously described. As in FIG. 3, 
FIGS. 4-6 illustrate the impedance signal 300 proportional to 
the transthoracic impedance, again illustrated as impedance 
330 on the abscissa of the left side of the graphs versus time 
350 on the ordinate of the graphs in FIGS. 4-6. The imped 
ance 330 increases during any respiratory inspiration period 
430 and decreases during any respiratory expiration period 
450. As previously discussed, the impedance signal 300 is 
also proportional to the amount of air inhaled, denoted the 
tidal volume 340, illustrated on the abscissa of the right side 
of the graph in FIGS. 4-6. The magnitude of variations in 
impedance and tidal volume during respiration are identi? 
able as the peak-to-peak variation of the impedance signal 
300. 

FIG. 4 illustrates respiration intervals used for disordered 
breathing detection and/ or prediction useful for determining 
or predicting blood oxygen and/or carbon dioxide saturation 
in accordance With embodiments of the present invention. 
Detection of disordered breathing may involve de?ning and 
examining a number of respiratory cycle intervals. A respira 
tion cycle is divided into an inspiration period corresponding 
to the patient inhaling, an expiration period, corresponding to 
the patient exhaling, and a non-breathing period occurring 
betWeen inhaling and exhaling. Respiration intervals are 
established using an inspiration threshold 410 and an expira 
tion threshold 420. The inspiration threshold 410 marks the 
beginning of an inspiration period 430 and is determined by 
the transthoracic impedance signal 300 rising above the inspi 
ration threshold 410. The inspiration period 430 ends When 
the transthoracic impedance signal 300 is a maximum 440. 
The maximum transthoracic impedance signal 440 corre 
sponds to both the end of the inspiration interval 430 and the 
beginning of an expiration interval 450. The expiration inter 
val 450 continues until the transthoracic impedance 300 falls 
beloW an expiration threshold 420. A non-breathing interval 
460 starts from the end of the expiration period 450 and 
continues until the beginning of a next inspiration period 470. 

Detection of sleep apnea and severe sleep apnea, condi 
tions associated With loW blood oxygen saturation and high 
carbon dioxide saturation, is illustrated in FIG. 5. The 
patient’s respiration signals are monitored and the respiration 
cycles are de?ned according to an inspiration 530, an expira 
tion 550, and a non-breathing 560 interval as described in 
connection With FIG. 4.A condition of sleep apnea is detected 
When a non-breathing period 560 exceeds a ?rst predeter 
mined interval 590, denoted the sleep apnea interval. A con 
dition of severe sleep apnea is detected When the non-breath 
ing period 560 exceeds a second predetermined interval 595, 
denoted the severe sleep apnea interval. For example, sleep 
apnea may be detected When the non-breathing interval 
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exceeds about 10 seconds, and severe sleep apnea may be 
detected When the non-breathing interval exceeds about 20 
seconds. 

Hypopnea, another condition that can contribute to loW 
blood oxygen saturation and high carbon dioxide saturation, 
is characteriZed by abnormally shalloW breathing. FIG. 6 is a 
graph of tidal volume derived from transthoracic impedance 
measurements. The graph of FIG. 6 illustrating the tidal vol 
ume of a hypopnea episode may be compared to the tidal 
volume of a normal breathing cycle illustrated previously in 
FIG. 3, Which illustrated normal respiration tidal volume and 
rate. As shoWn in FIG. 6, hypopnea involves a period of 
abnormally shalloW respiration, possible at an increased res 
piration rate. 

Hypopnea is detected by comparing a patient’s respiratory 
tidal volume 603 to a hypopnea tidal volume 601. The tidal 
volume for each respiration cycle may be derived from tran 
sthoracic impedance measurements acquired in the manner 
described previously. The hypopnea tidal volume threshold 
may be established by, for example, using clinical results 
providing a representative tidal volume and duration of 
hypopnea events. In one con?guration, hypopnea is detected 
When an average of the patient’s respiratory tidal volume 
taken over a selected time interval falls beloW the hypopnea 
tidal volume threshold. Furthermore, various combinations 
of hypopnea cycles, breath intervals, and non-breathing inter 
vals may be used to detect hypopnea, Where the non-breath 
ing intervals are determined as described above. 

In FIG. 6, a hypopnea episode 606 is identi?ed When the 
average tidal volume is signi?cantly beloW the normal tidal 
volume. In the example illustrated in FIG. 6, the normal tidal 
volume during the breathing process is identi?ed as the peak 
to peak value identi?ed as the respiratory tidal volume 603. 
The hypopnea tidal volume during the hypopnea episode 606 
is identi?ed as hypopnea tidal volume 601. For example, the 
hypopnea tidal volume 601 may be about 50% of the respi 
ratory tidal volume 603. The value 50% is used by Way of 
example only, and determination of thresholds for hypopnea 
events may be determined as any value appropriate for a given 
patient. 

In the example above, if the tidal volume falls beloW 50% 
of the respiratory tidal volume 603, the breathing episode 
may be identi?ed as a hypopnea event, originating the mea 
surement of the hypopnea episode 606. 

Disordered breathing detection and prediction systems and 
methods that can bene?t from or otherWise incorporate fea 
tures of the present invention are further described in Us. 
patent application Ser. No. 10/309,771 ?led Dec. 4, 2002; Ser. 
No. 10/309,770 ?led Dec. 4, 2002; and Ser. No. 10/643,016 
?led Aug. 18, 2003, all of Which are hereby incorporated by 
reference herein. 

FIG. 7 is a block diagram illustrating components of a 
system 700 for measuring parameters indicative of blood 
oxygen and/or carbon dioxide saturation in accordance With 
principles of the present invention. In accordance With 
embodiments of the invention, the system illustrated in FIG. 
7 includes a patient internal medical device 710, a patient 
external medical device 720, and a patient information server 
730. 

Patient internal medical device 710 includes a detector 715 
that implantably detects and measures respiratory character 
istics. The patient-internal medical device 710 may be a fully 
or partially implantable device that performs monitoring, 
diagnosis, and/ or therapy functions. 

The patient-external medical device 720 may perform 
monitoring, diagnosis and/ or therapy functions external to the 
patient (i.e., not invasively implanted Within the patient’s 
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body). The patient-external medical device 720 may be posi 
tioned on the patient, near the patient, or in any location 
external to the patient. It is understood that a portion of a 
patient-external medical device 720 may be positioned Within 
an ori?ce of the body, such as the nasal cavity or mouth, yet 
can be considered external to the patient (e.g., mouth pieces/ 
appliances, tubes/ appliances for nostrils, or temperature sen 
sors positioned in the ear canal). 
A processor 707 can be incorporated in any of the patient 

internal medical device 710, patient external medical device 
720 orpatient information server 730 and operates to measure 
blood oxygen and/ or carbon dioxide saturation in accordance 
With principles of the present invention. Processor 707 can be 
con?gured as a netWork processor in certain implementa 
tions. Processor 707 can determine the magnitude and/or 
frequency of change in a patient’s transthoracic impedance. 
For example, processor 707 measures a decrease in blood 
oxygen saturation and/ or an increase in blood carbon dioxide 
saturation When a patient’ s detected respiratory characteristic 
such as respiratory tidal volume, minute ventilation, and res 
piratory rate decrease. Similarly, processor 707 measures a 
decrease in blood oxygen saturation and increase in blood 
carbon dioxide saturation When detecting an increased occur 
rence of sleep disordered breathing. 

Detector 715 provided in patient internal medical device 
710 can be Wirelessly coupled to any of the patient external 
medical device 720 and/or patient information server 730 in 
order to communicate respiratory parameter information to 
processor 707, or to any other device that can use the infor 
mation generated by detector 715. 

Detector 715 may be coupled to processor 707 and to 
patient-internal medical device 710 When situated Within the 
patient-internal medical device 710 through implanted leads. 
In one example, an internal endocardial lead system is used to 
couple sensing electrodes to an implantable pacemaker or 
other cardiac rhythm management device. One or more of 
detectors 715 can be equipped With transceiver circuitry to 
support Wireless communication betWeen the one or more 

patient-internal sensors (not shoWn) and the patient-internal 
medical device 710 and/or the patient-external medical 
device 720. 
The medical devices 710, 720 may be coupled to one or 

more patient-input devices 750. The patient-input devices 
750 facilitate manual transfer of information to the medical 
devices 710, 720 by the patient. The patient input devices 750 
may be particularly useful for inputting information concem 
ing patient perceptions, such as a patient’s activity level, 
Whether the patient is aWake, patient smoking or drug use, for 
example. 
The patient-internal medical device 710 and the patient 

extemal medical device 720 may be coupled through a Wire 
less or Wired communications link to a patient information 
server 730. The patient information server 730 may be used to 
doWnload and store data collected by the patient-internal and 
patient-external medical devices 710, 720. Alternatively, 
information generated by detector 715 and/or processor 707 
can be stored in any of the patient internal medical device 710 
and patient external medical device 720 for future use. 

In further embodiments of the invention, a display device 
760 can be communicatively coupled to the processor 707 in 
order to display information related to a patient’s condition 
including a change in blood oxygen and/or carbon dioxide 
saturation. This alloWs a patient’s physician to access patient 
data transmitted from the processor 707. After evaluation of 
the patient data, the patient’s physician may communicate 
With one or more of the patient-internal or patient-external 
devices 710, 720 through a patient information server 730 
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such as an advanced patient management (APM) system to 
initiate, terminate, or modify the monitoring, diagnostic, and/ 
or therapy functions of the patient-intemal and/or patient 
extemal medical systems 710, 720. Systems and methods 
involving advanced patient management techniques are fur 
ther described in Us. Pat. Nos. 6,336,903, 6,312,378, 6,270, 
457, and 6,398,728 Which are incorporated by reference 
herein in their entirety. 

FIG. 8 is a partial vieW of an implantable device that may 
include circuitry for implementing blood oxygen and/or car 
bon dioxide saturation detection for measuring blood oxygen 
and/ or carbon dioxide levels in the blood in accordance With 
embodiments of the invention. In this example, the implant 
able device comprises a cardiac rhythm management device 
(CRM) 800 including an implantable pulse generator 805 
electrically and physically coupled to an intracardiac lead 
system 810.A blood oxygen and/or carbon dioxide saturation 
detection system of the present invention may alternatively be 
implemented in a variety of implantable monitoring, diagnos 
tic, and/or therapeutic devices, such as an implantable cardiac 
monitoring device, an implantable drug delivery device, or an 
implantable neurostimulation device, for example. 

Portions of the intracardiac lead system 810 are inserted 
into the patient’ s heart 890. The intracardiac lead system 810 
includes one or more electrodes con?gured to sense electrical 
cardiac activity of the heart, deliver electrical stimulation to 
the heart, sense the patient’s transthoracic impedance, and/or 
sense other physiological parameters, e.g., cardiac chamber 
pressure or temperature. Portions of the housing 801 of the 
pulse generator 805 may optionally serve as a can electrode. 

Communications circuitry is disposed Within the housing 
801 for facilitating communication betWeen the pulse gen 
erator 805 and an external communication device, such as a 
portable or bed-side communication station, patient-carried/ 
Worn communication station, or external programmer, for 
example. The communications circuitry can also facilitate 
unidirectional or bidirectional communication With one or 

more implanted, external, cutaneous, or subcutaneous physi 
ologic or non-physiologic sensors, patient-input devices and/ 
or information systems. 

The pulse generator 805 may optionally incorporate a 
motion detector 820 that may be used to sense various respi 
ration-related conditions. For example, the motion detector 
820 may be optionally con?gured to sense snoring, activity 
level, and/or chest Wall movements associated With respira 
tory effort, for example. The motion detector 820 may be 
implemented as an accelerometer positioned in or on the 
housing 801 of the pulse generator 805. If the motion sensor 
is implemented as an accelerometer, the motion sensor may 
also provide the sensing of respiratory, e.g. rales, coughing, 
rate, and cardiac, e. g. S1 -S4 heart sounds, murmurs, and other 
acoustic information. Information generated from an accel 
erometer (e.g., posture, activity) can be used in certain 
embodiments of the present invention With measured respi 
ratory parameters for enhancing blood oxygen and/ or carbon 
dioxide saturation determinations. 

The pulse generator 805 may optionally incorporate a pres 
sure sensor that may be used to sense various respiration 
related conditions. A pressure sensor may be used to infer 
respiration. A pressure sensor, Which may be depicted by one 
or more of elements 851, 854, and 863 in FIG. 8, may be 
optionally con?gured to sense sleep disordered breathing, 
such as central apnea or obstructive apnea, or to discriminate 
betWeen various types of sleep disordered breathing. The 
pressure sensor may be implemented as a sensorpositioned in 
or on the lead of lead system 810. The pressure sensor may be 
used to provide sensing of other physiological signals, such as 
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systolic pressure, diastolic pressure, pulmonary artery pres 
sure, left atrial pressure, etc. Information generated from the 
pressure sensor(s) can be used in certain embodiments of the 
present invention to measure respiratory parameters for deter 
mining blood oxygen and carbon dioxide saturation. 
The lead system 810 of the CRM 800 may incorporate one 

or more transthoracic impedance sensors that may be used to 
acquire the patient’s respiration Waveform, or other respira 
tion-related information. The transthoracic impedance sensor 
may include, for example, one or more intracardiac elec 
trodes 841, 842, 851-855, 863 positioned in one or more 
chambers of the heart 890. The intracardiac electrodes 841, 
842, 851-855, 863 may be coupled to impedance drive/ sense 
circuitry 830 positioned Within the housing of the pulse gen 
erator 805. 
The lead system 810 may include one or more leads each 

having one or more electrodes that extend into the heart. FIG. 
8 shoWs three such leads, one that extends into the right 
atrium, one that extends into the right ventricle, and one that 
extends into a coronary vein for placement at the surface of 
the left ventricle. The left ventricular lead, in particular, 
includes an LV distal electrode 855 and an LV proximal 
electrode 854 located at appropriate locations in or about the 
left ventricle for pacing and/ or sensing the left ventricle. The 
left ventricular lead may be guided into the right atrium of the 
heart via the superior vena cava. From the right atrium, the left 
ventricular lead may be deployed into the coronary sinus 
ostium, the opening of the coronary sinus. The lead may be 
guided through the coronary sinus to a coronary vein of the 
left ventricle. This vein is used as an access pathWay for leads 
to reach the surfaces of the left ventricle that are not directly 
accessible from the right side of the heart. 

In one implementation, impedance drive/ sense circuitry 
830 generates a current that ?oWs through the tissue betWeen 
an impedance drive electrode 851 and a can electrode on the 
housing 801 of the pulse generator 805, Which can be used in 
determining blood oxygen and/or carbon dioxide saturation 
in accordance With embodiments of the invention. The volt 
age at an impedance sense electrode 852 relative to the can 
electrode changes as the patient’s transthoracic impedance 
changes. The voltage signal developed betWeen the imped 
ance sense electrode 852 and the can electrode is detected by 
the impedance sense circuitry 830. Other locations and/or 
combinations of impedance sense and drive electrodes are 
also possible. 
The voltage signal developed at the impedance sense elec 

trode 852, illustrated previously in FIG. 3, is proportional to 
the patient’s transthoracic impedance and represents the 
patient’s respiration Waveform. The transthoracic impedance 
increases during respiratory inspiration 320 and decreases 
during respiratory expiration 310. The peak-to-peak transi 
tion of the transthoracic impedance is proportional to the 
amount of air moved in one breath, denoted the tidal volume. 
The amount of air moved per minute is denoted the minute 
ventilation. A normal “at rest” respiration pattern, e. g., during 
non-REM sleep, includes regular, rhythmic inspiration-expi 
ration cycles Without substantial interruptions, as indicated 
previously in FIG. 3. Abnormal transthoracic impedance pat 
terns are illustrated in FIGS. 5-6 described above and can be 
used to determine blood oxygen and/ or carbon dioxide satu 
ration in accordance With embodiments of the invention. 

Returning to FIG. 8, the lead system 810 may include one 
or more cardiac pace/ sense electrodes 851-855 positioned in, 
on, or about one or more heart chambers for sensing electrical 
signals from the patient’s heart 890 and/or delivering pacing 
pulses to the heart 890. The intracardiac sense/pace elec 
trodes 851-855, such as those illustrated in FIG. 8, may be 
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used to sense and/or pace one or more chambers of the heart, 
including the left ventricle, the right ventricle, the left atrium 
and/ or the right atrium. The lead system 810 may include one 
or more de?brillation electrodes 841, 842 for delivering 
de?brillation/cardioversion shocks to the heart. 

The pulse generator 805 may include circuitry for detect 
ing cardiac arrhythmias and/or for controlling pacing or 
de?brillation therapy in the form of electrical stimulation 
pulses or shocks delivered to the heart through the lead sys 
tem 810. Circuitry for measuring blood oxygen and/or carbon 
dioxide levels by implementing a blood oxygen and/ or carbon 
dioxide saturation detector 835, including interface circuitry, 
a respiratory parameter detector, a processor, and/ or memory 
circuitry, as described in connection With the FIG. 7, may be 
housed Within the pulse generator 805. The blood oxygen 
and/or carbon dioxide saturation detector circuitry may be 
coupled to various sensors, patient input devices, and/or 
information systems through leads or through Wireless com 
munication links. In addition, blood oxygen and/or carbon 
dioxide saturation detector 835 may be incorporated as a 
component or function of a processor, such as processor 707 
illustrated in FIG. 7. 

In another implementation, one or more EMG sensors 836 

may be placed on the housing, header, or lead of CRM 800. In 
this con?guration, the EMG sensors 836 may be used to 
detect atonia of the pectoral muscles during REM sleep. A 
sleep detector may use information from the EMG sensors 
836 to facilitate the detection of sleep onset and offset, and to 
determine the various stages of sleep. Detection of sleep 
stages may be used, for example, in patient monitoring, diag 
nosis and/or therapy for various disorders, including sleep 
disordered breathing. Techniques involving EMG sensors 
836 positioned on CRM device 800, for example, are 
described in commonly oWned US. patent application Ser. 
No. 10/643,006, ?led Aug. 18, 2003, entitled “Sleep State 
Classi?cation,” Which is incorporated by reference herein in 
its entirety. 

FIG. 9 is a diagram illustrating an implantable transtho 
racic cardiac device that may be used in connection With 
acquiring and organiZing data for measuring of blood oxygen 
and/ or carbon dioxide saturation in accordance With embodi 
ments of the invention. The implantable device illustrated in 
FIG. 9 is an implantable transthoracic cardiac sensing and/or 
stimulation (ITCS) device that may be implanted under the 
skin in the chest region of a patient. The ITCS device may, for 
example, be implanted subcutaneously such that all or 
selected elements of the device are positioned on the patient’ s 
front, back, side, or other body locations suitable for sensing 
cardiac and respiratory activity and delivering cardiac stimu 
lation therapy. It is understood that elements of the ITCS 
device may be located at several different body locations, 
such as in the chest, abdominal, or subclavian region With 
electrode elements respectively positioned at different 
regions near, around, in, or on the heart. 

In the con?guration shoWn in FIG. 9, a subcutaneous elec 
trode assembly 907 can be positioned under the skin in the 
chest region and situated distal from the housing 902. The 
subcutaneous and, if applicable, housing electrode(s) can be 
positioned about the heart at various locations and orienta 
tions, such as at various anterior and/or posterior locations 
relative to the heart. The subcutaneous electrode assembly 
907 is coupled to circuitry Within the housing 902 via a lead 
assembly 906. One or more conductors (e.g., coils or cables) 
are provided Within the lead assembly 906 and electrically 
couple the subcutaneous electrode assembly 907 With cir 
cuitry in the housing 902. One or more sense, sense/pace or 
de?brillation electrodes can be situated on the elongated 
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structure of the electrode support, the housing 902, and/or the 
distal electrode assembly (shoWn as subcutaneous electrode 
assembly 907 in the con?guration shoWn in FIG. 9). 
The housing 902 (e.g., the active or non-active can) of the 

ITCS device, for example, may be con?gured for positioning 
outside of the rib cage at an intercostal or subcostal location, 
Within the abdomen, or in the upper chest region (e.g., sub 
clavian location, such as above the third rib). In one imple 
mentation, one or more electrodes may be located on the 
primary housing and/or at other locations about, but not in 
direct contact With the heart, great vessel or coronary vascu 
lature. 

In particular con?gurations, the ITCS device may perform 
functions traditionally performed by cardiac rhythm manage 
ment devices, such as providing various cardiac monitoring, 
pacing and/or cardioversion/de?brillation functions. Exem 
plary pacemaker circuitry, structures and functionality, 
aspects of Which can be incorporated in an ITCS device of a 
type that may bene?t from multi-parameter sensing con?gu 
rations, are disclosed in commonly oWned US. Pat. Nos. 
4,562,841; 5,284,136; 5,376,476; 5,036,849; 5,540,727; 
5,836,987; 6,044,298; and 6,055,454, Which are hereby 
incorporated herein by reference in their respective entireties. 
It is understood that ITCS device con?gurations can provide 
for non-physiologic pacing support in addition to, or to the 
exclusion of, bradycardia and/ or anti-tachycardia pacing 
therapies. Exemplary cardiac monitoring circuitry, structures 
and functionality, aspects of Which can be incorporated in an 
ITCS of the present invention, are disclosed in commonly 
oWned US. Pat. Nos. 5,313,953; 5,388,578; and 5,411,031, 
Which are hereby incorporated herein by reference in their 
respective entireties. 
An ITCS device can incorporate circuitry, structures and 

functionality of the subcutaneous implantable medical 
devices disclosed in commonly oWned US. Pat. Nos. 5,203, 
348; 5,230,337; 5,360,442; 5,366,496; 5,397,342; 5,391,200; 
5,545,202; 5,603,732; and 5,916,243 and commonly oWned 
US. patent applications “Subcutaneous Cardiac Sensing, 
Stimulation, Lead Delivery, and Electrode Fixation Systems 
and Methods,” Ser. No. 60/462,272, ?led Apr. 11, 2003, and 
Hybrid Transthoracic/Intrathoracic Cardiac Stimulation 
Devices and Methods,” Ser. No. 10/462,001, ?led Jun. 13, 
2003, and “Methods and Systems Involving Subcutaneous 
Electrode Positioning Relative to A Heart,” Ser. No. 10/ 465, 
520, ?led Jun. 19, 2003, and “Recon?gurable Implantable 
Cardiac Monitoring and Therapy Delivery Device,” Ser. No. 
10/785,431, ?led on Feb. 24, 2004, and “Recon?gurable Sub 
cutaneous Cardiac Device,” Ser. No. 10/ 821,248, ?led Apr. 8, 
2004, Which are incorporated by reference. 

Circuitry for implementing blood oxygen and/or carbon 
dioxide saturation detection, in accordance With embodi 
ments of the invention, may be positioned Within the primary 
housing 902 as a blood oxygen and/or carbon dioxide satu 
ration detector 905 or may be incorporated as a component or 
function of a processor Within the primary housing 902 of the 
ITCS device. In one example, circuitry for implementing 
blood oxygen and/ or carbon dioxide saturation detection may 
include an impedance sensor con?gured to sense the patient’ s 
transthoracic impedance in order to detect respiratory param 
eters that can be used to measure blood oxygen and/or carbon 
dioxide saturation. The impedance sensor may include the 
impedance drive/ sense circuitry incorporated With the hous 
ing 902 of the ITCS device or the blood oxygen and/ or carbon 
dioxide saturation detector 905 and may be coupled to imped 
ance electrodes positioned on the can or at other locations of 
the ITCS device, such as on the subcutaneous electrode 
assembly 907 and/or lead assembly 906. 
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In one con?guration, the impedance drive circuitry gener 
ates a current that ?oWs betWeen a subcutaneous impedance 
drive electrode and a can electrode on the primary housing of 
the ITCS device. The voltage at a subcutaneous impedance 
sense electrode relative to the can electrode changes as the 
patient’s transthoracic impedance changes. The voltage sig 
nal developed betWeen the impedance sense electrode and the 
can electrode is sensed by the impedance drive/sense cir 
cuitry. 

Communications circuitry is disposed Within the housing 
902 and/or Within blood oxygen saturation detector 905 for 
facilitating communication betWeen the ITCS device and an 
external communication device, such as a portable or bed 
side communication station, patient-carried/Worn communi 
cation station, or external programmer, for example. The 
communications circuitry can also facilitate unidirectional or 
bidirectional communicationWith one or more external, cuta 

neous, or subcutaneous physiologic or non-physiologic sen 
sors. 

The present invention is capable of measuring oxygen and/ 
or carbon dioxide saturation Without the use of oxygen or 
carbon dioxide sensors, Which may be problematic for rea 
sons previously discussed. Furthermore, the ability to predict 
blood oxygen and/or carbon dioxide saturation may better 
align the results of cardiac device-based disordered breathing 
detection algorithm With in-lab polysomnography, alloWing 
for a better understanding of patient conditions. It should be 
understood that embodiments of the present invention are 
directed not only toWards determining blood oxygen and/or 
carbon dioxide saturation levels using a parameter of respi 
ration as a basis for the determination, but are also directed 
towards determining blood oxygen and/or carbon dioxide 
saturation based on a combination of respiratory parameters. 
A number of the examples presented herein involve block 

diagrams illustrating functional blocks used for coordinated 
monitoring, diagnosis and/or therapy functions in accordance 
With embodiments of the present invention. It Will be under 
stood by those skilled in the art that there exist many possible 
con?gurations in Which these functional blocks may be 
arranged and implemented. The examples depicted herein 
provide examples of possible functional arrangements used 
to implement the approaches of the invention. 

Each feature disclosed in this speci?cation (including any 
accompanying claims, abstract, and draWings) may be 
replaced by alternative features having the same, equivalent 
or similar purpose, unless expressly stated otherWise. Thus, 
unless expressly stated otherWise, each feature disclosed is 
one example only of a generic series of equivalent or similar 
features. 

Various modi?cations and additions can be made to the 
preferred embodiments discussed hereinabove Without 
departing from the scope of the present invention. Accord 
ingly, the scope of the present invention should not be limited 
by the particular embodiments described above, but should be 
de?ned only by the claims set forth beloW and the equivalents 
thereof. 
What is claimed is: 
1. A method for measuring parameters indicative of blood 

gas saturation, comprising: 
implantably measuring a parameter of respiration over a 

duration of time; 
associating the measured respiratory parameter With a 

blood gas saturation level; and 
determining blood gas saturation based on the measured 

respiration parameter. 
2. The method of claim 1, Wherein the blood gas saturation 

comprises blood oxygen saturation. 
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3. The method of claim 1, Wherein the blood gas saturation 

comprises blood carbon dioxide saturation. 
4. The method of claim 1, Wherein at least one of associ 

ating the measured respiratory parameter and determining 
blood gas saturation is performed implantably. 

5. The method of claim 1, Wherein the parameter of respi 
ration comprises one or both of a magnitude and a frequency 
of change in transthoracic impedance. 

6. The method of claim 1, Wherein the parameter of respi 
ration comprises at least one of a respiration pattern, a respi 
ration interval, tidal volume, and minute ventilation. 

7. The method of claim 1, Wherein the parameter of respi 
ration comprises at least one of a duration of an apnea epi 
sode, a duration of a hypopnea episode, and a duration of a 
Cheyne-Stokes respiration episode. 

8. The method of claim 1, Wherein the parameter of respi 
ration comprises at least one of a hyperventilation duration 
after an apnea episode, hypopnea episode, or a Cheyne 
Stokes respiration episode. 

9. The method of claim 1, Wherein the parameter of respi 
ration comprises a frequency of respiration during a disor 
dered breathing event. 

10. The method of claim 1, Wherein the parameter of res 
piration comprises a frequency of respiration before or after a 
disordered breathing event. 

1 1. The method of claim 1, Wherein implantably measuring 
the parameter of respiration comprises implantably measur 
ing a baseline parameter of respiration during patient Wake 
fulness. 

12. The method of claim 1, Wherein determining blood gas 
saturation comprises determining blood gas saturation during 
sleep. 

13. The method of claim 1, further comprising: 
detecting sleep disordered breathing; and 
indicating a severity level of the sleep disordered breathing 

in response to detecting sleep disordered breathing With 
a presence or absence of a change in blood gas satura 
tion. 

14. The method of claim 1, further comprising: 
measuring one or more of a cardiac parameter, blood pres 

sure parameter and blood ?oW parameter; and 
Wherein determining the blood gas saturation is further 

based at least in part on one or more of the cardiac 
parameter, blood pressure parameter and blood ?oW 
parameter. 

15. The method of claim 1, Wherein determining blood gas 
saturation further comprises indicating a decrease in blood 
oxygen saturation in response to measuring a decrease in at 
least one of a respiratory tidal volume, a minute ventilation, 
and a respiration rate. 

16. The method of claim 1, Wherein determining blood gas 
saturation further comprises indicating an increase in blood 
carbon dioxide saturation in response to measuring a decrease 
in at least one of a respiratory tidal volume, a minute venti 
lation, and a respiration rate. 

17. The method of claim 1, Wherein determining blood gas 
saturation comprises indicating a decrease in blood oxygen 
saturation in response to measuring an increase in sleep dis 
ordered breathing episodes. 

18. The method of claim 1, Wherein determining blood gas 
saturation comprises indicating an increase in blood carbon 
dioxide saturation in response to measuring an increase in 
sleep disordered breathing episodes. 

19. A system for measuring parameters indicative of blood 
gas saturation, comprising: 

an implantable device con?gured to measure a parameter 
of respiration over a duration of time; and 
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a processor con?gured to associate the measured respira 
tory parameter With a blood gas saturation level, and to 
determine blood gas saturation based on the measured 
respiration parameter. 

20. The system of claim 19, Wherein the processor is con 
?gured to detect one or both of a magnitude and frequency of 
change in transthoracic impedance. 

21. The system of claim 19, Wherein the processor is dis 
posed in an implantable housing. 

22. The system of claim 19, further comprising: 
a sensor con?gured to measure a cardiac parameter, 

Wherein the processor is con?gured to associate the car 
diac parameter With a blood gas saturation level, and to 
determine blood gas saturation based at least in part on 
the measured cardiac parameter. 

23. The system of claim 19, further comprising: 
a sensor con?gured to measure a blood pressure parameter, 

and 
Wherein the processor is con?gured to associate the blood 

pressure parameter With a blood gas saturation level, and 
to determine blood gas saturationbased at least inpart on 
the measured blood pressure parameter. 

24. The system of claim 19, further comprising: 
a sensor con?gured to measure a blood ?oW parameter, and 
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Wherein the processor is con?gured to associate the blood 
?oW parameter With a blood gas saturation level, and to 
determine blood gas saturation based at least in part on 
the measured blood ?oW parameter. 

25. The system of claim 14, further comprising: 
a sensor con?gured to measure one or both of patient 

activity and patient posture, and 
Wherein the processor is con?gured to determine or con 
?rm blood gas saturation based at least in part on the 
measured one or both of patient activity and patient 
posture. 

26. The system of claim 14, further comprising a commu 
nication link con?gured to communicate the determined 
blood gas saturation values to a patient-external location. 

27. A system for measuring parameters indicative of blood 
gas saturation, comprising: 
means for implantably measuring a parameter of respira 

tion over a duration of time; 
means for associating the measured respiratory parameter 

With a blood gas saturation level; and 
means for determining blood gas saturation based on the 

measured respiration parameter. 

* * * * * 


